Purpose: KPI-121 is a nanoparticle suspension of loteprednol etabonate with improved ocular pharmacokinetics compared with marketed formulations. The efficacy and safety of KPI-121 1% ophthalmic suspension (INVELTYS™) dosed twice daily (BID) were evaluated in participants who had undergone cataract surgery. Materials and methods: In two multicenter, randomized, double-masked, parallel-group, vehicle-controlled clinical trials, 386 participants with $ grade 2 anterior chamber cells ($6 cells) on the day following routine cataract surgery were treated with KPI-121 1% and 325 participants were treated with placebo (vehicle); each group was dosed BID for 2 weeks. Primary efficacy endpoints were complete resolution of ocular inflammation by slit-lamp biomicroscopy and complete resolution of subject-rated ocular pain at Days 8 and 15 with no rescue medication before Day 15. Safety assessments included adverse events (AEs), visual acuity, intraocular pressure measurements, and evaluation of ocular AEs by slit-lamp biomicroscopy and dilated ophthalmoscopy. Results: Both trials achieved statistical significance favoring KPI-121 1% BID for both primary efficacy endpoints. Combined data analysis showed that significantly more participants treated with KPI-121 vs vehicle achieved complete resolution of anterior chamber cells at Days 8 and 15 (P#0.0001) and complete clearing of ocular pain at Days 4, 8, and 15 (P,0.0001). AEs were reported more frequently with vehicle than KPI-121. Conclusion: KPI-121 1% ophthalmic suspension was effective in resolving postoperative ocular inflammation and pain when dosed BID for 2 weeks in patients following cataract surgery. KPI-121 was found to be safe and well tolerated in both trials.
Introduction
Intraocular inflammation is an anticipated sequela of intraocular surgery, such as cataract removal and intraocular lens implantation, and is manifested principally as conjunctival injection, corneal edema, ciliary flush, and aqueous cells and flare. In general, trauma to the internal structures of the eye is accompanied by the production of prostaglandins and other vasoactive moieties, an increase in blood flow to the affected area, and extravasation of protein and cellular blood elements. Untreated inflammation may lead to complications such as cystoid macular edema and corneal scarring. 1, 2 Thus, managing and treating postoperative inflammation is an important goal following cataract surgery.
Current postoperative medication regimens commonly include topical corticosteroids. 3 Treatment with corticosteroids is employed to reduce pain and discomfort, and to facilitate recovery of the blood-aqueous barrier. When administered at the time of surgery and during the immediate postoperative period, corticosteroids can reverse the clinical manifestations of inflammation. 4 In the US, topical corticosteroids are routinely prescribed with four times daily (QID) dosing for at least 2 weeks following cataract surgery.
KPI-121 1% (INVELTYS™) was developed by Kala Pharmaceuticals, Inc. (Waltham, MA, USA) and recently approved by the US Food and Drug Administration (FDA) for the treatment of postoperative inflammation and pain following ocular surgery. 5 KPI-121 1% contains loteprednol etabonate (LE) 1% formulated using a proprietary technology known as mucus penetrating particles (MPP). MPP utilizes nanoparticles of drug formulated to enhance penetration of loteprednol through the mucus layer of the tear film, resulting in increased penetration into ocular tissues.
LE was chosen because it is an ester corticosteroid and is rapidly absorbed into ocular issues. After exerting its effects, loteprednol is rapidly metabolized to inactive metabolites and has been reported to have fewer side effects than traditional glucocorticoids. 6 Preclinical studies have shown that loteprednol formulated with MPP technology achieved higher ocular exposure than Lotemax ® ophthalmic suspension 0.5% (Bausch + Lomb, Rochester, NY, USA), with peak concentrations approximately three-fold higher in ocular tissues and aqueous humor. 7 The profile of KPI-121 has the potential to deliver potent anti-inflammatory activity with less frequent dosing, while still retaining the safety profile of loteprednol.
The purpose of the current research was to investigate the efficacy and safety of a twice daily (BID) dosing regimen of KPI-121 1% ophthalmic suspension compared to placebo (hereafter referred to as vehicle) in subjects who experienced inflammation following routine, uncomplicated cataract surgery. Herein, the results are presented for two randomized, double-masked, vehicle-controlled, parallel-group trials comparing the safety and efficacy of KPI-121 1% to vehicle in the treatment of subjects with postsurgical inflammation and pain following cataract surgery.
Materials and methods Patients
These trials included two samples of patients who underwent routine, uncomplicated cataract surgery (eg, phacoemulsification with posterior chamber intraocular lens implantation, not combined with any other surgery), had $ grade 2 anterior chamber cells (ie, $6 cells), and had potential postoperative Snellen distance visual acuity (VA) by pinhole method of at least 20/200 in the study eye. The first trial (hereafter referred to as Trial 1) was conducted at 24 sites (Table S1 ) within the US between May 2014 and December 2014 and the second trial (hereafter referred to as Trial 2) was conducted at 35 sites (Table S2 ) within the US between June 2016 and March 2017. Each trial was designed and monitored in accordance with the ethical principles of Good Clinical Practice and the Declaration of Helsinki, and Institutional Review Board approval was obtained by each trial site. Written informed consent was obtained from all subjects at the time of their enrollment and prior to any screening evaluations for the trial.
Individuals of either sex or any race/ethnicity who were $18 years and were candidates for routine, uncomplicated cataract surgery were eligible for participation in the trials. Patients who required concurrent ocular or non-ocular therapy with any type of medication (eg, nonsteroidal antiinflammatory drugs, mast cell stabilizers, antihistamines, or decongestants) within 2 days prior to surgery and for the duration of the study were excluded from the trial as were patients with a history of glaucoma, intraocular pressure (IOP) .21 mmHg at the screening or randomization visit(s), or were being treated for glaucoma in either eye. Also excluded were patients who: 1) had penetrating intraocular surgery in the study eye within 3 months or within 2 weeks in the fellow eye; 2) had selective laser trabeculoplasty within 3 months prior to surgery or had corneal refractive surgery, glaucoma surgery, or corneal transplantation (full thickness, anterior, or posterior) within a year prior to enrollment or were unstable and/or required medication; 3) had active uveitis in either eye or a diagnosis of any type of infection, disease, and/or severe/serious condition that would interfere with study drug effectiveness or study compliance.
Design and treatment
Both studies were randomized, double-masked, parallelgroup trials. Randomization was stratified by trial site. In Trial 1, two concentrations and dosing regimens of KPI-121 vs vehicle were administered to one eye for 2 weeks. Subjects were randomized to one of four treatment arms in a 2:2:1:1 ratio: 1) KPI-121 0.25% QID, 2) KPI-121 1% BID, 3) vehicle A QID, 4) vehicle B BID. Following the completion of Trial 1, which demonstrated favorable safety and efficacy profiles for both KPI-121 treatment groups, Trial 2 was initiated to evaluate the safety and efficacy of KPI-121 1% BID compared with vehicle BID administered to one eye for 2 weeks.
As illustrated in Figure 1 , subjects in both trials completed up to seven clinic visits (including the surgery day) over 18-33 days of total planned trial duration. Screening occurred 
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Safety and efficacy of KPI-121 1% Figure 1 schematic of the study design. Notes: in both Trial 1 and Trial 2, subjects completed up to seven clinic visits (including the surgery day) over 18-33 days of total planned trial duration. screening occurred prior to surgery, and subjects who met preoperative screening inclusion/exclusion criteria were enrolled in the trial. at Day 0 (surgery), subjects underwent routine, uncomplicated cataract surgery according to normal procedures. randomization occurred on the day following surgery (Day 1). subjects self-administered 1-2 drops in the study eye (defined as the surgery eye) for 14 days and returned to the clinic to be evaluated at Days 4, 8, and 15. The last dose of study treatment was administered on the morning of the Day 15 visit, upon completion of 14 days of dosing. between 14 and 1 day(s) prior to surgery, and subjects who met the preoperative screening inclusion/exclusion criteria were allowed to participate in the trial. At Day 0 (surgery), subjects underwent routine, uncomplicated cataract surgery according to normal procedures. Randomization occurred on the day following surgery (Day 1). Subjects who met the qualifying postoperative randomization criteria were eligible for randomization and initiated dosing with study treatment on that day. Subjects self-administered 1-2 drops in the study eye (defined as the surgery eye) for 14 days and recorded dosing information in a daily diary. Following initiation of study treatment dosing, subjects returned to the clinic to be evaluated at Days 4, 8, and 15. The last dose of study treatment was administered on the morning of the Day 15 visit, upon completion of the 14 days of dosing. Following the Day 15 visit, subjects were asked to return to the clinic once between Days 17 and 19 for follow-up and, following completion of all study procedures, were exited from the trial. Efficacy measures were performed on Days 4, 8, and 15. Adverse events (AEs) were assessed across the entire study period.
Primary efficacy endpoints
anterior chamber cell grade (slit-lamp biomicroscopy) subject-rated ocular pain assessment Ocular pain was rated by the subject-rated ocular pain assessment using a 6-point scale (0= none; 1= minimal; 2= mild; 3= moderate; 4= moderately severe; 5= severe). Complete resolution of ocular pain was defined as a grade =0.
safety evaluation
Safety assessments included evaluation of AEs, Snellen distance VA by pinhole method, IOP measurement, slit-lamp biomicroscopy (palpebral conjunctival erythema, corneal edema, hyphema, ciliary flush, and bulbar conjunctival injection), dilated ophthalmoscopy, and use of rescue medication.
aes
An AE was defined as any untoward medical occurrence in a clinical investigation subject administered a pharmaceutical product that does not necessarily have a causal relationship with this treatment. Treatment-emergent AEs were defined as those events with onset after the first dose of study treatment or, if occurring prior to the first dose, worsened 
72
Kim et al after administration of the first dose. The severity of AEs was classified as mild, moderate, or severe. The relatedness of AEs to the investigational product was also evaluated. Serious AEs were defined as ones resulting in death or that were life threatening, represented a persistent or significant incapacity or substantial disruption of the ability to conduct normal life functions, resulted in inpatient hospitalization or prolongation of existing hospitalization, a congenital anomaly/birth defect, or the occurrence of a significant medical event.
snellen distance Va
Snellen distance VA was assessed at all study visits except the surgery visit (Day 0). VA measurement was performed with the Snellen eye chart using the pinhole at a distance of 20 feet (6 m).
iOP measurement
IOP measurements were performed at all study visits except the surgery visit (Day 0) using Goldmann applanation tonometry according to the investigator's standard procedure.
slit-lamp biomicroscopy
Slit-lamp biomicroscopy was also used as a safety measure to assess palpebral conjunctival erythema, corneal edema, hyphema, ciliary flush, and bulbar conjunctival injection at all study visits except the surgery visit (Day 0).
Dilated ophthalmoscopy
Dilated ophthalmoscopy assessment included evaluation of the optic nerve head for pallor and cupping (cup/disc ratio) and was performed at screening and on Day 15. For each subject, the investigator determined whether direct or indirect ophthalmoscopy should be used. Findings were recorded as normal or abnormal.
Use of rescue medication
At any time during the treatment period, any subject not responding adequately to the study treatment could be "rescued," or placed on alternate therapy, at the investigator's discretion. Any subject placed on rescue medication discontinued use of the study treatment and continued trial participation through the final visit (Day [17] [18] [19] . Subjects who received rescue medication prior to Day 15 were considered treatment failures, but the need for rescue medication was not considered an AE. At some sites, anti-inflammatory medications were administered starting on Day 15 in the absence of anterior chamber cells as standard-of-care, and this was not considered as a rescue.
statistical analyses
The primary population for all efficacy analyses was the intent-to-treat (ITT) population, which was defined as all randomized subjects with at least one post-baseline (baseline = Day 1) evaluation. The safety population was defined as all subjects who received at least one dose of the allocated study treatment and from whom at least one safety assessment was obtained after randomization. Imputation for missing data was not applied.
Data from the efficacy and safety evaluations conducted during Trials 1 and 2 were analyzed separately and pooled, given the similarity in study design and purpose. The two vehicle groups in Trial 1 were pooled for all analyses of Trial 1 findings, because preliminary analyses illustrated no statistically significant differences between the two vehicle groups for the primary efficacy endpoints Primary efficacy endpoints in both trials were evaluated using hierarchical statistical testing using the chi-squared statistic, with the provision that testing would cease if any single hypothesis had a P-value .0.05. The primary endpoints were tested in the following sequence, comparing KPI-121 1% vs vehicle: 1) the difference in the proportion of study eyes with complete resolution of anterior chamber cells (grade =0 
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Safety and efficacy of KPI-121 1% primary and key non-primary endpoints, subjects treated with rescue medication prior to Day 15 were considered as nonresponders.
Separate and pooled summaries were created for all safety measures: evaluation of AEs, VA, IOP, slit-lamp biomicroscopy, dilated ophthalmoscopy, and use of rescue medication.
Results

Patient disposition and demographics
Across the two trials, 900 subjects were enrolled and included in the ITT populations: 380 subjects in Trial 1 and 520 subjects in Trial 2. Of these 900 subjects, 386 subjects were treated with KPI-121 1% BID, 125 subjects were treated with KPI-121 0.25% QID, 325 subjects were treated with vehicle BID, and 60 subjects were treated with vehicle QID. As illustrated in Table 1 , there were no significant differences in the demographics of the enrolled populations between the two trials, and there were no significant differences among the treatment groups within each trial. Mean (range) ages were 67.7 (38-89) years for the pooled KPI-121 1% BID group (N=386) and 69.4 (40-90) years for the pooled vehicle group (N=385). Both trials, considered individually as well as pooled, enrolled more females than males, with a majority of subjects being White and not Hispanic/Latino. 
Efficacy
Statistically significant between-group differences were observed for both primary efficacy endpoints, in both Trials (Table 2) .
Pooled analyses of the two trials also demonstrated statistically significant results favoring KPI-121 1% over vehicle for each primary and key non-primary endpoint, as summarized in Table 3 . Results for these endpoints are presented graphically in Figure 2 ( b subjects reporting the same ae in more than one relationship category were counted in the greatest relationship category. c subjects reporting one or more aes were counted once at the maximum intensity of all aes. Abbreviations: ae, adverse event; BiD, twice daily; QiD, four times daily. 
Notes:
a subjects reporting the same ae in more than one relationship category were counted in the greatest relationship category. b subjects reporting one or more aes were counted once at the maximum intensity of all aes. Abbreviations: ae, adverse event; BiD, twice daily.
vehicle BID groups, respectively. Most AEs were of mild or moderate severity. The most commonly reported ($1% in any treatment group) preferred terms were eye pain, headache, photophobia, posterior capsule opacification, corneal edema, and nasopharyngitis (Tables 6 and 7) .
Va
In both Trial 1 and Trial 2, a review of Snellen distance VA data revealed no clinically important differences between the KPI-121 1% BID group and the vehicle group in terms of mean changes from baseline in VA at any post-baseline assessment. Pooled summaries illustrated that changes from baseline in VA were negligible in both the KPI-121 1% BID and vehicle groups.
iOP
In Trial 1 and Trial 2, as well as in the pooled analysis of both trials, mean IOP measurements of study eyes at each scheduled visit as well as increased IOP were similar across treatment groups (Table 8) . Additionally, IOP elevations of $10 mmHg compared with baseline and a raw IOP measurement of $21 mmHg in the study eye were experienced by 0.5% (2/386) and 0% (0/325) of subjects in the KPI-121 1% BID and vehicle BID groups, respectively. Using a very strict definition of IOP elevation, $5 mmHg increase and a raw IOP measurement of $21 mmHg in the study eye, again both groups experienced similar incidence, 1.3% (5/386) and 0.6% (3/325) in the KPI-121 1% BID and vehicle groups, respectively. These results indicate that no unexpected safety signal was observed relative to IOP following KPI-121 1% treatment.
slit-lamp biomicroscopy
In Trial 1 and Trial 2, as well as in the pooled analysis of both trials, no clinically important differences were observed based on safety evaluations of slit-lamp biomicroscopy (palpebral conjunctival erythema, corneal edema, hyphema, ciliary flush, and bulbar conjunctival injection) between the KPI-121 1% BID and vehicle groups, and no significant differences from baseline were observed in either group.
Dilated ophthalmoscopy
In Trial 1 and Trial 2, as well as in the pooled analysis of both trials, no clinically important differences between the KPI-121 1% BID and vehicle groups were observed based on evaluations from dilated ophthalmoscopy. There was a low prevalence of abnormal disc pallor and similar cup/disc ratio scores at both screening and Day 15 for KPI-121 1% BID and vehicle groups. 
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Safety and efficacy of KPI-121 1% Table 6 number (%) of subjects reporting common ($1% in either group) aes by trial (safety populations) The AE profile was composed primarily of events that were local to the site of treatment, mild in severity, reversible, and nonserious, and most reported preferred terms were consistent with those that would be expected in a population that had recently undergone routine, uncomplicated cataract surgery and received topical ophthalmic corticosteroid treatment. AEs recognized as common with corticosteroid use were reported with low incidence in the KPI-121 1% group. In the pooled analysis of AEs, the incidence of AEs was lower in the KPI-121 1% group than in the vehicle group for all AEs overall, treatment-related AEs, severe AEs, and AEs leading to discontinuation of treatment.
As demonstrated in these two studies, KPI-121 1% with MPP technology delivers a desirable combination of robust efficacy with twice daily dosing, a low overall incidence of AEs, and the favorable IOP-safety profile consistently demonstrated with LE. [8] [9] [10] [11] [12] [13] [14] While the efficacy and safety of LE in treating postoperative inflammation and pain are well established, [15] [16] [17] [18] [19] [20] [21] [22] all currently available formulations require QID dosing. This is due at least in part to the eye's innate ability to remove foreign material, including suspended drug particles, from the ocular surface. One of the key mechanisms of this removal involves mucin, the primary component of mucus, which provides a key protective role for the ocular surface. The cornea and conjunctiva are covered with a 3-to
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Kim et al 40-µm layer of mucus. 7, [23] [24] [25] The outer layer of secreted and other mucins primarily traps and rapidly eliminates allergens, pathogens, and other particles (eg, corticosteroids in eye drops) while the cell-bound mucins of the inner glycocalyx protect the cornea from abrasive stress and turn over much less rapidly. 7, 26 The ability to penetrate the outer mucin matrix and reach the glycocalyx will likely increase the penetration and retention of drug particles on the ocular surface and enhance drug release to the underlying tissues. 7 In order to penetrate the mucin meshwork effectively, particles must be sufficiently small in size (,500 nm) and have the ability to overcome the adhesive nature of the ocular mucus layer. 27, 28 MPP technology uses proprietary methods to create a novel nanoparticle formulation of LE designed to evade these mucus barriers. Coarse drug particles are milled in the presence of an MPP enabling surface-altering agent until the particle size is reduced to ~200-400 nm. In an ocular pharmacokinetic study in rabbits, a 0.4% suspension of LE-MPP produced peak concentrations approximately three-fold higher in ocular tissues (cornea, conjunctiva, iris/ciliary body, retina) and aqueous humor compared to Lotemax ® suspension. 7 KPI-121 1% is a novel suspension of MPP-coated LE nanoparticles formulated with excipients approved by FDA for ophthalmic use. 7 LE was selected for the formulation based upon several criteria including high lipophilicity, high binding affinity for the glucocorticoid receptor, and extensive and predictable metabolism to inactive metabolites by tissue esterases.
29
Conclusion
KPI-121 1% given BID was effective in resolving postoperative inflammation and pain following cataract surgery, based on analyses demonstrating statistical significance compared with vehicle on the primary and key non-primary efficacy endpoints of pain and inflammation. It was safe and well tolerated with no new or unexpected safety concerns observed during the trials. KPI-121 1% offers clinicians an efficacious BID treatment option for inflammation and pain after ocular surgery which provides significant benefit to patients while retaining the favorable safety profile of loteprednol.
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